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I .  I N T R O D U C T I O N  

Up-data i s  t h e  term u s e d  t o  d e s c r i b e  t h e  d i g i t a l  i n -  
f o r m a t i o n  s e n t  f rom t h e  Manned Space  F l i g h t  Network (MSFN) s i t e s  
on E a r t h  t o  t h e  Apol lo  Command S e r v i c e  Module (CSM), Lunar  
Module (LM) and t h e  Launch V e h i c l e  I n s t r u m e n t  U n i t  (S-IVB/IU).  
The A p o l l o  Up-Data Link  ( U D L )  h a s  e v o l v e d  f rom t h e  Gemini D i g i -  
t a l  Command System. 

A .  Br ie f  H i s t o r y  

Both t h e  Gemini and t h e  Apo l lo  s y s t e m s  u s e  d i g i t a l  
c o d e s  i n  c o n t r a s t  t o  t h e  m u l t i p l e  t o n e  s y s t e m  u s e d  i n  t h e  
Mercury P r o j e c t .  P r o j e c t  Mercury employed t h e  command s y s t e m  
t h a t  was u s e d  a t  most o f  t h e  mi s s i l e  t e s t  f a c i l i t i e s  w i t h i n  t h e  
U n i t e d  S t a t e s .  I n  t h i s  sys tem,  a UHF c a r r i e r  was f r e q u e n c y  
modula ted  w i t h  a combina t ion  o f  twen ty  d i s c r e t e  I R I G  s u b c a r r i e r  
t o n e s .  P r o j e c t  Mercury was r e s t r i c t e d  t o  u s e  no more t h a n  
t h i r t e e n  t o n e s  d u r i n g  l a u n c h ,  and f i f t e e n  d u r i n g  o r b i t .  These  
r e s t r i c t i o n s  were imposed t o  a v o i d  p o s s i b l e  i n t e r f e r e n c e  w i t h  
t h e  Range S a f e t y  o p e r a t i o n s  and to a v o i d  t h e  p o o r  m o d u l a t i o n  
c h a r a c t e r i s t i c s  of  t h e  h i g h e r  s u b c a r r i e r  t o n e s  ( s e e  R e f e r e n c e  1). 
A s  t h e  Mercury program e v o l v e d ,  t h e  command r e q u i r e m e n t s  s t e a d i l y  
i n c r e a s e d  u n t i l  i t  became e v i d e n t  t h a t  t h e  Mercury command s y s t e m  
was a p p r o a c h i n g  t h e  l i m i t  of i t s  c a p a b i l i t y  t o  s u p p o r t  manned 
s p a c e  f l i g h t .  Dur ing  t h e  l a t e r  Mercury f l i g h t s ,  i t  was d e c i d e d  
t h a t  t h e  fo l low-on Gemini f l i g h t s  s h o u l d  u s e  a d i g i t a l  command 
s y s t e m .  The d i g i t a l  command s y s t e m ,  h a v i n g  a growth  p o t e n t i a l  
g r e a t e r  t h a n  t h a t  f o r  t h e  t o n e  s y s t e m ,  would a l s o  b e  ab le  t o  
s u p p o r t  t h e  Apo l lo  Miss ions  t o  f o l l o w  Gemini.  

B.  0 b . i e c t i v e s  

The pu rpose  of t h i s  memorandum i s  t h a t  o f  d e s c r i b i n g  
t h e  b a s i c  up -da ta  s y s t e m s  implemented i n  t h e  t h r e e  s p a c e  mod- 
u l e s  and e s t i m a t i n g  t h e  v a r i o u s  t i m e  d e l a y s  a s s o c i a t e d  w i t h  t h e  
p r o c e s s i n g  o f  a n  up-da ta  message.  The t i m e  d e l a y s  c o n s i d e r e d  
are t h o s e  i n h e r e n t  i n  t h e  space  v e h i c l e - - n o t  t h e  MSFN. 
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S i n c e  t h e  number of‘ messages s e n t  to a v e h i c l e  v a r i e s  
w i t h  t h e  t y p e  of  u p d a t a  b e i n g  s e n t ,  a n  e f f o r t  i s  made t o  
o b t a i i i  tlie t i m e  d e l a y s  a s s o c i a t e d  w i t h  t h e  most f u n d a m e n t a l  
u n i t  o f  u p d a t a .  Tha t  i s ,  ti-le t i m e  d e l a y  f o r  a s i n g l e  compu- 
t e r  word to b e  p r o c e s s e d ,  no t  t h e  t i m e  d e l a y  for t h e  many words 
r e q u i r e d ;  for example ,  i n  a N a v i g a t i o n  Up-Date. l ’ h u s ,  compari-  
s o n s  c a n  b e  made based  on fundamen ta l  message u n i t s  i n s t e a d  o f  
s p e c i a l  up-da ta  f u n c t i o n s .  RF p r o p a g a t i o n  t imes  a re  n e g l e c t e d  
s i n c e  t h s y  s i m p l y  r e p r e s e n t  a d d i t i v e  c o n s t a n t s  dependin:; on t h e  
s p a c e  v e h i c l e ’ s  p o s i t i o n .  

C .  O u t l i n e  

c o v e r i n g  

1) 

2) 

3 )  

4) 

5) 

b r i e f  i n  

I n  g e n e r a l ,  t h e  scope  of t h i s  memorandum i s  aimed at 
t h e  f o l l o w i n g  major  c a t e g o r i e s :  

Areas common to a l l  t h r e e  s p a c e  modules ,  

G e n e r a l  d e s c r i p t i o n  of t h e  CSM up-da ta  sys t em and i t s  
a s s o c i a t e d  t ime  d e l a y s ,  

G e n e r a l  d e s c r i p t i o n  o f  t h e  LM up-da ta  sys t em u s i n g  
t h e  CSM sys t em as a b a s e l i n e ,  

G e n e r a l  d e s c r i p t i o n  of  t h e  S-IVB/IU up-da ta  sys t em 
and its a s s o c i a t e d  t i m e  d e l a y s ,  

Comparison o f  i n h e r e n t  t i m e  d e l a y s  f o r  a l l  t h r e e  
s p a c e  modules .  

The d e s c r i p t i o n s  c o n t a i n e d  h e r e i n  may a p p e a r  
some c a s e s .  The l a c k  of  d e t a i l  i s  t h e  r e s u l t  of ho ld -  

i n g  t h e  memorandum to a t r a c t a b l e  s i z e . *  Note t h a t  a1t”icuah t h e  
da t a  u t i l i z e d  i n  t h e  w r i t i n g  o f  t h i s  memorandum i s  b a s e d  on 
M i s s i o n  AS-503, i t  r e p r e s e n t s  t h a t  c u r r e n t l y  p l anned  t o  be  used  
for a Luna.r t y p e  m i s s i o n .  

11. RF MODULATION 

When t h e  U n i f i e d  S-Band s y s t e m  i s  used  f o r  t r a n s m i t -  
t i n g  d i g i t a l  d a t a  to t h e  Command S e r v i c e  Module ( C S M ) ,  Lunar  
Module (LM),  and S-IVB Ins t rumeRt  Un i t  (S-IVB/IU), a 70 KFYz 
s u b c a r r i e r  i s  f r e q u e n c y  modula ted  and t h e  s u b c a r r i e r ,  i n  t u r n ,  

++A p r e v i o u s  memorandum: w r i t t e n  by t h e  a u t h o r ,  c o v e r s  
some i t e m s  i n  more d e t a i l .  
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u s e d  t o  p h a s e  modula te  t h e  main c a r r i e r .  The s t a t u s  o f  t h e  
up d a t i n g  i n f o r m a t i o n  i s  t e l e m e t e r e d  t o  the  Manned Space  
F l i g h t  Network (MSFN) by phase s h i f t  k e y i n g  (PSK) a 1 . 0 2 4  
MHz s u b c a r r i e r  which a l s o  phase  m o d u l a t e s  t he  main S-Band 
c a r r i e r .  F i g u r e  1 i l l u s t r a t e s  t h e  s p e c t r a l  a r r angemen t  
f o r  a l l  th ree  s p a c e  v e h i c l e s  on t h e  and  "down" l i n k s .  
N o t e  t h a t  t h e  LM and SIVB/ IU o p e r a t e  on t h e  same f r e q u e n c i e s .  
The LM w i l l  u s e  an S-Band up data l i n k  s t a r t i n g  w i t h  LM 4 
LM 1 and 3, as w e l l  as t h e  SIVB/IU's i n  a l l  S a t u r n  I B I S ,  u s e  
a UHF up data  l i n k  o p e r a t i n g  a t  450 MHz. 

III. BASEBAND MODULATION* 

The modu la t ion  t e c h n i q u e  u s e d  by t h e  MSFN f o r  up 
da ta  t r a n s m i s s i o n  i s  t h e  same f o r  t h e  CSM, LM and SIVB/IU. 
A s t a b l e  1 KHz t o n e  i s  g e n e r a t e d  i n  t h e  m o d u l a t o r  and u s e d  
as a s y n c h r o n i z i n g  ( " sync"  o r  " c l o c k " )  s i g n a l .  A c o h e r e n t  
2 KHz t o n e  i s  t h e n  b i - p h a s e  modula ted  w i t h  1 Kbps d i g i t a l  
data .  A b i n a r y  "one" I s  t r a n s m i t t e d  when t h e  2 KHz t o n e  i s  
i n  p h a s e  w i t h  t h e  1 KHz s y n c  t o n e  and when t h e  1 KHz s y n c  
t o n e  i s  c r o s s i n g  z e r o  w i t h  a p o s i t i v e  s l o p e .  F i g u r e  2 
i l l u s t r a t e s  t h e  modu la t ion  t e c h n i q u e s  u t i l i z e d  by ground 
s t a t i o n .  I n  F i g u r e  2 - A ,  8 b i n a r y  " z e r o "  i s  t r a n s m i t t e d  
as t h e  i n v e r s e  of t h e  b i n a r y  ' 'one" (180" p h a s e  d i f f e r e n c e ) .  
The 1 KHz s y n c  t o n e  and t h e  modula ted  2 KHz t o n e  a r e  a l g e -  
b r a i c a l l y  summed y i e l d i n g  t h e  compos i t e  waveform i n d i c a t e d  
on F i g u r e  2-C. The i n d i v i d u a l  p e r i o d  s y n c h r o n i z a t i o n  i s  
o b t a i n e d  by e x t r a c t i n g  t h e  1 KHz s y n c  t o n e  f rom t h e  compos i t e  
s i g n a l  onboard  t h e  s p a c e  v e h i c l e .  
F i g u r e  3 ,  i n d i c a t e s  t h e  1 K H z  t o n e  f a l l i n g  i n t o  one of t h e  
data  s i g n a l  n u l l s .  T h i s  a l l o w s  f o r  i t s  e x t r a c t i o n  w i t h o u t  
 an;^ s i g n i f i c a n t  e f f e c t  on or b y  t h e  da ta .  

The s p e c t r u m ,  shown on 

IV. C O D I N G  

Sub-b i t  encod ing  on a r a t i o  o f  f i v e  s u b - b i t s  f o r  
one i n f o r m a t i o n  b i t  i s  u s e d  for up data  t r a n s m i s s i o n s  t o  t h e  
LM, CSM, and SIVB/IU. The f i r s t  th ree  i n f o r m a t i o n  b i t s  ( t h e  
v e h i c l e  address b i t s )  have d i f f e r e n t  s u b - b i t  p a t t e r n s  t h a n  
t h e  r e m a i n i n g  i n f o r m a t i o n  b i t s .  

I t  f o l l o w s  t h a t  t h e  s p a c e  v e h i c l e  must f i r s t  
r e c o g n i z e  a p a r t i c u l a r  sub -b i t  p a t t e r n  t o  e s t a b l i s h  an i n f o r -  
ma t ion  b i t  b e i n g  t r a n s m i t t e d  and t h e n  m o n i t o r  t h e  f o l l o w i n g  

*Refe rence  3 d i s c u s s e s  t he  mer i t s  o f  PSK v e r s u s  FSK 
f o r  A p o l l o  Up Data l i n k s .  
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two i n f o r m a t i o n  b i t s  t o  d e t e r m i n e  i f  t h e  MSFN i s  t r a n s m i t t i n g  
inforIi . : i t ion t o  t h e  p a r t i c u l a r  s p a c e  module i n  q u e s t i o n .  .dote 
t l i c t t  t!ie s u b - b i t  p a t t e r n  i s  t h e  same f o r  a l l  t h r e e  s p a c e  mod- 
u l e s .  d b v i o u s l y ,  t h e  v e h i c l e  a d d r e s s  p o r t i o n  ( i n f o r m a t i o n  
b i t s )  i s  d i f f e r e n t  f o r  e a c h  s p a c e  module (LM,CSr/l, and S I V B / I ' J ) .  

The Apollo System S p e c i f i c a t i o n  c a l l s  f o r  no  more t h a n  
one  c o r r e c t  message i n  1 0 0 0  to be  r e j e c t e d  by  t h e  s p a c e  v e h i c l e  
and t h a t  t h e  p r o b a b i l i t y  of a c c e p t i n g  a n  e r r o n e o u s  message b e  l e s s  
t h a n  l o e 9  These c r i t e r i a  a p p l y  t o  a l l  t h r e e  s p a c e  modules .  

V .  UP D A T A  TO THE CSM 

Four  b a s i c  t y p e s  of up da ta  messages are t r a n s m i t t e d  
t o  t h e  CSM f rom t h e  A p o l l o  MSFN, namely:  

1. R e a l  Time Commands ( R T C )  t o  t u r n  s p a c e c r a f t  equipment  
on and  o f f  and t o  change o p e r a t i n g  modes ( e . g . ,  t r a n s -  
m i t t e r  h i g h  power t o  low p o w e r ) .  

2 .  Up d a t i n g  i n f o r m a t i o n  f o r  t h e  Command Module Computer 
( C M C ) .  T h i s  i n f o r m a t i o n  i s  u s e d  t o  b r i n g  t h e  space -  
c r a f t  computer  up t o  da t e  i n  a c c o r d a n c e  w i t h  t h e  new 
i n f o r m a t i o n  developed  a t  t h e  C o n t r o l  C e n t e r  as a 
m i s s i o n  c o n t i n u e s .  

3. Up d a t i n g  i n f o r m a t i o n  f o r  
C e n t r a l  T iming  Equipment 
u n i t s  o f  t i m e  i n  s e c o n d s ,  

t h e  t i m e  a c c u m u l a t o r  i n  t h e  
C T E ) .  The message c o n t a i n s  
m i n u t e s ,  h o u r s ,  and  d a y s .  

4. T e s t  Messages (T/M) t o  ob a i n  a s e l f - c h e c k  on t h e  
s p a c e c r a f t  d i g i t a l  d e c o d e r .  

A .  Message Format 4 

The message fo rma t  u s e d  f o r  t h e  Apo l lo  CSM Up d a t a  
l i n k  ( U D L )  i s  s imilar  t o  t h a t  u sed  i n  t h e  Gemini program.  The 
g e n e r a l  fo rma t  and  t y p e s  of messages  used  are d e p i c t e d  i n  F i g u r e  

4 . .  A s  p r e v i o u s l y  ment ioned ,  t h e  number o f  b i t s  shown r e p r e -  
s e n t  t h e  number of i n f o r m a t i o n  b i t s  t r a n s m i t t e d  and t h a t  e a c h  
one of t h e s e  i n f o r m a t i o n  b i t s  r e p r e s e n t s  t h e  t r a n s m i s s i o n  o f  5 
s u b - b i t s  a t  a 1 k b s  r a t e .  A p a r t i c u l a r  s u b - b i t  p a t t e r n  ( 5  b i t s )  
1s s e l e c t e d  t o  r e p r e s e n t  an i n f o r m a t i o n  l o g i c a l  "one" and t h e  
complement of  t h i s  p a t t e r n  i s  s e l e c t e d  t o  r e p r e s e n t  t h e  i n f o r -  
m a t i o n  l o g i c a l  " z e r o " .  Messages are  s i m i l a r  i n  t h a t  each  mes- 
sage c o n s i s t s  o f  a 3 b i t  v e h i c l e  address (15  s u b - b i t s ) ,  a t h ree  
b i t  s y s t e m  address ,  and  a da ta  word .  The s u b - b i t  p a t t e r n  s e -  
l e c t e d  f o r  t h e  v e h i c l e  a d d r e s s ,  however ,  i s  d i f f e r e n t  t h a n  t h a t  
f o r  t h e  r e m a i n i n g  p o r t i o n  o f  t h e  message .  
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B. Deniodulat i o n  

The Block I1 CSM Up I1at;i m u i p m e n t  ( S e e  F i g u r e  5 )  
r e c e i v e s  a m o d u l a t e d  rf c a r r i e r  opera t in[{  tit 2-Eand , v e r i f i e s  
t h e  da t a ,  d e t e r m i n e s  t h e  sys tem for which i t  Idas i n t e n d e d  and 
d i r e c t s  i t  t o  t h a t  s y s t e m .  T h e  S - i j i r l d  t r m s p o n d e r  h e t e r o d y n e s  
t h e  incoming  rf s i g n a l  t o  a 10 ! k ! z  i - f  t h r o u g h  a d o u b l e  con- 
v e r s i o n  p r o c e s s .  The 1 0  MHz i - f  i n  t h e  ; - sand  t r a n s p o n d e r  
c o n t a i n s  a 70 K H z  sub -ca r r i e r  whicll has been  f r e q u e n c y  modulat-  
e d  ( 5  5 KHz) w i t h  up data .  The 70 KHz s u b - c a r r i e r  i s  e x t r a c t -  
e d  f rom t h e  i - f  s i g n a l  ( b y  t he  x i d e  band  phase  d e m o d u l a t o r )  
and  t h e  c o m p o s i t e  a u d i o  up d a t a  d e t e c t e d  b y  a 70 KHz demodula- 
t o r .  T h i s  a u d i o  s i g n a l  i s  t h e n  p r e s e n t e d  to t h e  PSK d e m o d u l a t o r .  

C .  PSK Demodula t ion5  

S i n c e  t h e  s u b - b i t  code used  f o r  t h e  v e h i c l e  address 
i s  d i f f e r e n t  f rom t h e  r e m a i n i n g  p o r t i o n  o f  t h e  message i t  a c t s  
as a " s i g n  p o s t "  i n d i c a t i n g  t h e  b e g i n n i n g  o f  an up d a t a  message .  
The s u c c e s s f u l  r e c e p t i o n  o f  an up d a t a  message depends  on t h e  
c o r r e c t  d e t e c t i o n  o f  e a c h  s u b - b i t  f rom t h e  compos i t e  a u d i o  s i g -  
n a l .  S i n c e  a s u b - b i t  b i n a r y  ' 'one" or " z e r o "  i s  r e p r e s e n t e d  b y  
a u n i q u e  p h a s i n g  a r r a n g e m e n t  be tween t h e  1 I<Zz and 2 KHz t o n e s ,  
t h e  z a m p l i n g  p e r i o d s  must b e  t i m e d  p r e c i s e l y  s o  t h a t  t h e  c o r r e c t  
i n t e r p r e t a t i o n  o f  a s u b - b i t  b e i n g  a l o g i c a l  "one" o r  " z e r o "  i s  
a c c o m p l i s h e d .  T h i s  p r e c i s e  t i m i n g  or p h a s e  r e f e r e n c e  i s  p r o -  
v i d e d  b y  t h e  1 K H z  s i g n a l  t r a n s n i t t e d  from t h e  4 p o l l o  YSFN. 

F i g u r e  6 i l l u s t r a t e s  t h e  t e c h n i q u e  u s e d  i n  t h e  CSYi 
t o  s e p a r a t e  t h e  c l o c k  ( o r  s y n c )  s i g n a l  from t h e  up data com- 
p o s i t e  s i g n a l  and how i t  i s  u s e d  as a p h a s e  r e f e r e n c e  f o r  sub-  
b i t  d e t e c t i o n .  I n  F i g u r e  6 it i s  s e e n  t h a t  t h e  compos i t e  
a u d i o  s i g n a l  a t  t h e  o u t p u t  o f  t h e  d e m o d u l a t o r  i s  f e d  i n t o  
two d i f f e r e n t  p h a s e  d e t e c t o r s .  The l o w e r  p h a s e  d e t e c t o r  compares 
t h e  c o m p o s i t e  waveform w i t h  a 1 KYz  r e f e r e n c e  s i g n a l  d e r i v e d  
f r o m  t h e  V o l t a g e  C o n t r o l l e d  O s c i l l a t o r  (VCO). The VCO o u t p u t ,  
o p e r a t i n g  a t  4 K H z  i s  d i v i d e d  b y  a 2 i n  t h e  f i r s t  f l i p  f l o p  and 
d i v i d e d  by a 2 a g a i n  i n  t h e  s e c o n d  f l i p  f l o p  y i e l d i n g  a sym- 
m e t r i c a l  1 K H z  r e f e r e n c e  sigriai T h i s  ref 'e ier( .c  s i g n a l  l o c k s  on t o  
t h e  1 KHz p j o r t i c n  of  t h e  inccniing s i p n z l  a n d  i r -  sc dcir lp  r r o v i i i e s  
t h e  n e c e s s a r y  t i m i n g  r e f e r e n c e  for s u b - b i t  d e t e c t i o n  i n  t h e  u p p e r  
most  p h a s e  d e t e c t o r  c i r c u i t r y .  The c i r c u i t r y  d e r i v e s  a waveform 
as shown on F i g u r e  7b  and i t  i s  t h i s  waveform which i s  t o  be  
i n t e g r a t e d  b e f o r e  making a d e c i s i o n  on w h e t h e r  a "1" or "0" i s  
p r e s e n t .  By compar ing  F i g u r e s  7b and  7 C  i t  i s  s e e n  t h a t  
i n t e g r a t i o n  t a k e s  p l a c e  o v e r  f o u r  h a l f  c y c l e s  o f  t h e  2 K H z  da t a .  
A t  t h e  end  of  t h i s  p e r i o d  t h e  i n t e g r a t e d  s i g n a l  i s  e i t h e r  p o s i -  
t i v e  o r  n e g a t i v e  and t h u s  a b i n a r y  "1" or "0". 
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D. Decoder  O p e r a t i o n  

The s u b - b i t s  a r r i v i n g  from t h e  PSK demodu la to r  
( s e e  F i g u r e  8 )  a r e  s h i f t e d  i n t o  a 5 b i t  s h i f t  r e g i s t e r . *  
Once t he  r e g i s t e r  i s  f u l l ,  the p a t t e r n  ( 5  b i t )  i s  compared 
w i t h  a p re -wi red  p a t t e r n  t o  see i f  a v a l i d  i n f o r m a t i o n  b i t  i s  
p r e s e n t .  T h i s  i n f o r m a t i o n  b i t  and t h e  two s u c c e e d i n g  b i t s  
d e t e r m i n e  t h e  v e h i c l e  a d d r e s s  b i t s  o r  v e h i c l e  code.  Thus,  
t h e  v e h i c l e  address might be d e s i g n a t e d  as a n  a c c e s s  code i n  
t h a t  i t  opens  the  door  f o r  the  r e m a i n i n g  p o r t i o n  o f  t he  
message .  I t s  s u c c e s s f u l  v e r i f i c a t i o n  a l s o  c a u s e s  t h e  s t o r e d  
s u b - b i t  p a t t e r n  t o  be charged  i n  t h e  a p p r o p r i a t e  manner f o r  
v e r i f i c a t i o n  o f  s u c c e e d i n g  i n f o r m a t i o n  b i t s .  

Depending on t he  sys tem address b i t s ,  t h e  r e m a i n i n g  
p o r t i o n  o f  t h e  message w i l l  be  a Real Time Command ( R T C ) ,  
Command Module Computer ( C M C )  message ,  C e n t r a l  Timing Equip- 
ment (CTE) up d a t e ,  o r  Test Message (TM).  F i g u r e  8 i l l u s t -  
r a t e s  t h e  b i t  s t r u c t u r e  a s s o c i a t e d  w i t h  t he  commands. After  
s u c c e s s f u l  d e t e c t i o n  o f  a n  u p - d a t a  message ,  t h e  decode r  s e n d s  
a Message Acceptance  P u l s e  (MAP) t o  a n  e n c o d e r  where a f o u r  b i t  
word o r  p a t t e r n  i s  g e n e r a t e d  and  s e n t  t o  t h e  t e l e m e t r y  equ ipmen t .  
S i n c e  t he  MSFN i s  m o n i t o r i n g  t h e  te lemetry b i t  stream, it w i l l  
see t h e  MAP ( c o d e )  i n d i c a t i o n .  

6 E. Message Acceptance  Pu l se  (MAP) 

A s  ment ioned  p r e v i o u s l y ,  t h e  d e c o d e r  s e n d s  a MAP 
t o  t e l e m e t r y  upon s u c c e s s f u l  d e t e c t i o n  o f  a n  up-data message. 
The MAP does  n o t  i n d i c a t e  t h a t  t h e  f u n c t i o n  b e i n g  commanded 
was a c t u a l l y  pe r fo rmed ,  e .g . ,  "A r e l ay  c l o s e d "  as i n  t h e  c a s e  
o f  a n  RTC. It s imply  i n d i c a t e s  t h a t  the  d e c o d e r  has a c c e p t e d  
t h e  message. However, t h e  MSFN can  d e t e r m i n e  i f  t he  f u n c t i o n  
commanded a c t u a l l y  responded by m o n i t o r i n g  t e l e m e t r y  data 
o t h e r  t h a n  t h e  MAP. A c t u a l l y ,  t h e  MAP c a u s e s  a f o u r  b i t  word 
t o  change i t s  cod ing  ar rangement  i n  t h e  down t e l e m e t r y  b i t  
stream. T h i s  i s  t o  s a y  t h a t  t h e  te lemetry equipment  i s  sampl- 
i n g  t h e  c o d i n g  s t a t u s  o f  t h e  f o u r  b i t  word c o n t i n u o u s l y ;  s e n d i n g  
w h a t e v e r  code happens t o  be p r e s e n t  ( e . g . ,  a s tand-by code  i s  
s e n t  when t h e  decode r  i s  i n  a s tand-by  c o n d i t i o n ) .  

The l e n g t h  o f  t h e  MAP i s  t i m e  dependent  on t h e  data 
r a t e  b e i n g  u s e d  f o r  t e l e m e t r y .  If t e l e m e t r y  i s  o p e r a t i n g  i n  
t he  High B i t  R a t e  Mode (51.2 Kbps) ,  the  MAP a p p e a r s  f o r  55 
m i l l i s e c o n d s .  If i n  t h e  Low B i t  Rate Mode (1.6Kbps) t h e  

*NOTE: The o u t p u t  f l i p  f l o p  shown on F i g u r e  6 i s  
a c t u a l l y  t h e  f i r s t  s t a g e  of t h e  5 b i t  r e g i s t e r .  
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MAP a p p e a r s  f o r  250 m i l l i s e c o n d s .  I n  t h e  h i g h  b i t  r a t e  mode, 
t h e  t e l e m e t r y  equipment  l o o k s  a t  t h e  code s t a t u s  e v e r y  20 
m i l l i s e c o n d s  and  i n  t h e  low b i t  r a t e  mode, e v e r y  1 0 0  m i l l i s e c o n d s .  
Thus,  t h e  t r a n s m i s s i o n  of a t  l e a s t  two MAP codes  i s  a s s u r e d  f o r  
t h e  55 m s  and  2 5 0  m s  d u r a t i o n s .  Note:  i f  t h e  MSFN were to s e n d  
R T C ' s  a t  t h e  d e c o d e r  p r o c e s s i n g  r a t e  ( see  S e c t i o n  V - K ) ,  which i s  
90 m s ,  and i f  t h e  t e l e m e t r y  equipment  were i n  t h e  low b i t  r a t e  
mode, t h e  MAP codes from one message  c o u l d  be  c o n f u s e d  w i t h  
t h o s e  o f  a n o t h e r .  T h a t  i s ,  a f t e r  t h e  f i r s t  message ,  t h e  MAP i s  
h e l d  for 250 m s  d u r i n g  which  t i m e  two a d d i t i o n a l  messages  c o u l d  
have  been p r o c e s s e d .  

S i n c e  t h e  b a s i c  word l e n g t h  i n  t h e  t e l e m e t r y  b i t  
stream ( s e e  S e c t i o n  V - J )  i s  e i g h t  b i t s ,  f o u r  f i l l e r  b i t s  a re  
added to t h e  2 b i t  MAP code by t h e  PCM t e l e m e t r y  equipment  f o r  
down- l ink ing .  

F .  R e a l  Time Command (RTC)  Word P r o c e s s  

A p a r t i c u l a r  a r r angemen t  o f  sys t em address b i t s  t e l l s  
t h e  d e c o d e r  t h a t  a n  RTC has been  t r a n s m i t t e d .  There are  32 
i n t e r n a l  r e l a y s  which can  be ' 'set" or "reset" i n  t h e  CSM Block 
I1 d e c o d e r .  They  a r e  broken down i n t o  r e l a y  banks  A , B , C ,  and  
D w i t h  8 r e l ays  p e r  bank. A s p e c i a l  f e a t u r e  e x i s t s  whereby 
any  one o f  t he  r e l a y  banks  ( A , B , C ,  or D) can  be rese t  by a 
s i n g l e  message .  That i s ,  a s p e c i f i c  sys t em a d d r e s s *  i n d i c a t e s  
a " s a l v o "  r e s e t  c o n d i t i o n  and t k L e  r e m a i n i n g  data  b i t s  s e l e c t  
t h e  p a r t i c u l a r  bank to b e  r e s e t .  

G. Comn?a.nd Module Computer ( C M C )  Word P r o c e s s  

The computer  word (16 b i t s )  i s  s h i f t e d  s e r i a l l y  from 
t h e  d e c o d e r  i n t o  t h e  CMC a t  1 0 0 0  b i t s  p e r  s e c o n d .  These 1 6  
b i t s  a re  s t o r e d  i n  t h e  " i n - l i n k  c o u n t e r "  as shown on F i g u r e  9 
The f i r s t  b i t  i n t o  t h e  c o u n t e r  i s  a lways  a "1" and i s  c a l l e d  on 
o v e r f l o w  b i t .  It s h o u l d  be n o t e d  t h a t  i t  c o r r e s p o n d s  t o  b i t  7 
shown i n  F i g u r e  4 .  When t h i s  b i t  i s  s h i f t e d  t o  t h e  end  o f  t h e  
r e g i s t e r ,  a program i n t e r r u p t  i s  g e n e r a t e d .  The f o l l o w i n g  b i t s  
( 8  - 2 2 )  r e p r e s e n t  t h e  d a t a  t o  be  p r o c e s s e d .  The f i r s t  5 b i t s  
( 8  - 1 2 )  are  d a t a  ( c a l l e d  a key code K). The n e x t  5 b i t s  (13-  
17) r e p r e s e n t  t h e  data  complement ( R > ,  t h e  l a s t  5 b i t s  ( 1 8 - 2 2 )  
r e p e a t  t h e  data  (K); t h u s ,  t he  KKK a r r angemen t  shown p r e v i o u s l y  
i n  F i g u r e  4 .  The program t h e n  p r o c e e d s  t o  pe r fo rm a KEK check 
t o  see i f  t h e  message i s  v a l i d .  + E2 must add t o  z e r o  

( a  l o g i c a l  1 i n  t h i s  computer r e p r e s e n t s  a minus 0 ) ;  s e c o n d ,  
K + K rrlust add t o  z e r o .  Having passed these  c h e c k s ,  

F i r s t  K 3 

3 1  

* 
An RTC sys tem a d d r e s s  d i f f e r e n t  t h a n  t h a t  n o r m a l l y  

u s e d  f o r  R T C ' s .  
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b i t  4 o f  F l a g  word 7 i s  checked t o  see i f  i t  i s  a I ' l l ' ,  t h u s ,  
c h e c k i n g  t o  see i f  t h e  p r e v i o u s  message f a i l e d  t h e  XrK check .  
If b i t  4 i s  a z e r o ,  3 b i t s  of K w i l l  b e  s t o r e d  i n  an accumu- 
l a t o r .  If b i t  4 i s  a "1" t h e  computer  w i l l  i g n o r e  t h i s  message 
and a l l  s u c c e e d i n g  messages u n t i l  t h e  MSFIJ s e n d s  a r e s e t  message .*  

a c c u m u l a t o r  and t h e  s i x t h  message ,  an ENTER message ,  w i l l  c ause  
t h e  15. S i t  word t o  b e  s e n t  t o  B u f f e r  S t o r a g e .  

'The r e c e p t i o n  of f i v e  KKK data  messages w i l l  f i l l  t h e  

N o t i c e  t h a t  b u f f e r  s t o r a g e  i n f o r m a t i o n  i s  b e i n g  
telemetered t o  t h e  MSFN v i a  PCM t e l e m e t r y .  The YSFN u s e s  t h e  
t e l eme t ry  of t h i s  i n f o r m a t i o n  to v e r i f y  t h a t  t h e  c o n t e n t s  i n  
Z u f f e r  S t o r a g e  i s  t h a t  which was t r a n s m i t t e d .  Upon v e r i f i c a -  
t i o n  o f  t h e  comple t e  up d a t e  o f  B u f f e r  S t o r a g e ,  a FINAL ENTER 
Command i s  s e n t  c a u s i n g  the  b u f f e r  s t o r a g e  i n f o r m a t i o n  to b e  
t r a n s f e r r e d  t o  a memory l o c a t i o n  where t h e  computer  can u t i l i z e  
i t  i n  i t s  c a l c u l a t i o n s .  

The down-link l i s t ,  shown on F i g u r e  9 i s  r e a d  once 
e v e r y  two s e c o n d s  when t h e  h igh  b i t  r a t e  t e l e m e t r y  mode i s  
u s e d a n d o n c e  e v e r y  t e n  seconds  i n  t h e  low b i t  r a t e  t e l e m e t r y  
mode. 

The PCM t i m i n g  s i g n a l  c a u s e s  an i n t e r r u p t  s i g n a l  
e v e r y  20  m i l l i s e c o n d s .  T h i s  t e l l s  t he  computer  to f i l l  
r e g i s t e r s  A and  B w i t h  d a t a  for down- l ink ing .  For s i m p l i c i t y ,  
assume t h a t  t he  I n d e x  R e g i s t e r  i s  p o i n t i n g  t o  p a r a m e t e r  3 a t  
t h e  t i m e  o f  i n t e r r u p t .  Parameter 3 w i l l  have  an a d d r e s s  
c o r r e s p o n d i n g  t o  a memory l o c a t i o n  w i t h  t h e  i n f o r m a t i o n  p e r -  
t a i n i n g  t o  p a r a m e t e r  3 s t o r e d  t h e r e i n .  T h i s  i n f o r m a t i o n  i s  
put i n  r e g i s t e r  A as shown. The same p r o c e d u r e  i s  f o l l o f l e d  
f o r  f i l l i n g  r e g i s t e r  B .  Note t h a t  upon i n t e r r u p t ,  t h e  computer  
r e a l l y  takes  parameter 3 t h e n  4 ,  one r i g h t  a f t e r  t h e  o t h e r ,  
f i l l i n g  up r e g i s t e r  A and B a lmos t  i n s t a n t l y .  T h a t  i s ,  e v e r y  
20 ms (high bit r a t e  mode) t h e  c o n t e n t s  for n a r a m e t e r  n and n + l  are  
s t o r e d  i n  r e g i s t e r s  A and B f o r  down l i n k i n g  v i a  PCM t e l e m e t r y .  
The p a r i t y  b i t  i s  a s s i g n e d  b y  t h e  CMC b e f o r e  s e n d i n g  t h e  
data  from t h e  a c c u m u l a t o r  t o  b u f f e r  s t o r a g e .  

The Down-Link L i s t  c o n t a i n s  o t h e r  parameters b e s i d e  
t h o s e  r e p r e s e n t i n g  t h e  B u f f e r  S t o r a g e  c o n t e n t s .  F o r  example ,  
F l a g  Piord 7 ment ioned  p r e v i o u s l y  and  a l s o  DSKY - D i s t a b  I n f o r -  
m a t i o n .  By m o n i t o r i n g  t h e  D i s t a b  i n f o r m a t i o n  t h e  NSFN can 

* T h i s  i s  sometimes r e f e r r e d  t o  as "Up-BLOCK" c o n d i t i o n .  
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see ,  f o r  example ,  V e r b s  t r a n s m i t t e d  b y  t h e  ground s t a t i o n  
o r  punched i n t o  t h e  DSKY by t h e  a s t r o n a u t .  

11. CSivI C e n t r a l  Timing Equipment Word P r o c e s s  

Upon r e c e i p t  o f  a CTE s y s t e m  address ,  t h e  d e c o d e r  
. ' ;enerates  a s e r i e s  o f  p u l s e s  h a v i n g  50 mic rosecond  p u l s e  
w i d t h s  a t  2 0 0  p u l s e s  p e r  second for t h e  p u r p o s e  o f  r e s e t t i n 2  
t h e  CTE t ime  a c c u m u l a t o r  t o  0 d a y s ,  0 h o u r s ,  0 m i n u t e s ,  and 
0 s e c o n d s .  CTE up d a c i n g  t h e n  o c c u r s  i n  t h e  f o l l o w i n g  se- 
quence :  (1) Seconds  ( 2 )  Minutes ( 3 )  Hours ( 4 )  D a y s .  The 
maximum t i m e  i n p u t  i s  1 3  days ,  2 3  h o u r s ,  59 minu tes  and 59 
s e c o n d s .  

I .  C S i 4  Tes t  Message P r o c e s s  

Two t e s t  messages ,  " A "  and "B'', are t r a n s m i t t e d  
to t h e  CSM i n  o r d e r  t o  e x e r c i s e  a l l  p r o c e s s ,  t r a n s f e r  and p ro -  
gram c o n t r o l  l o g i c  w i t h i n  the  C S M  d e c o d e r .  

After  t h e  t h r e e  b i t  v e h i c l e  address and 3 b i t  s y s t e m  
address  have  b e e n  r e c o g n i z e d ,  t h e  r e m a i n i n g  b i t s  o f  t e s t  mes- 
sage ''A'' -- 7 t h r o u g h  30 -- are s h i f t e d  i n t o  t h e  d e c o d e r  s e r i -  
a l l y  a t  200 b i t s  p e r  s e c o n d .  T e s t  message "B" i s  h a n d l e d  i n  
t h e  same manner.  The r e s u l t s  of  these  t e s t s  a r e  t e l e m e t e r e d  
b y  s e n d i n g  un ique  v a l i d i t y  s i g n a l s  ( t h e  MAP code p r e v i o u s l y  
men t ioned  i n  S e c t i o n  V-E) f o r  t h e s e  t e s t  messages. 

J. CS?? PCM T e l e m e t r y  

The P u l s e  Code Modulat ion (PCM) t e l e m e t r y  e q u i p a e n t  
c o n v e r t s  da ta  i n p u t s  , f rom v a r i o u s  s a m p l i n g  p o i n t s  t h r o u g h o u t  
t h e  s p a c e c r a f t ,  i n t o  a s e r i a l  b i t  s t r e a m  t o  be  t r a n s m i t t e d  
t o  t h e  Ib'ISFN. The b i t  stream b i -phase  m o d u l a t e s  a 1 . 0 2 4  MHz 
s u b c a r r i e r  which i n  t u r n  phase  modu la t e s  t h e  main c a r r i e r  
o p e r a t i n g  a t  2 2 8 7 . 5  MEz. The b i t  r a t e  i s  e i t h e r  5 1 . 2  k b p s  
i n  t h e  High B i t  Rate Mode o r  1 . 6  kbps  i n  t h e  Low B i t  Ra te  Mode. 

Each a n a l o g  and each d i g i t a l  i n p u t i s  a s s i g n e d  to a 
c h a n n e l .  Each c h a n n e l  i s  r e p r e s e n t e d  b y  an  8 b i t  word. Thus ,  
t h e  word r a t e  i s  e i t h e r  6 4 0 0  words /second or 200 words /second.  
There are 128 Words/Prime Frame and 50 P r i m e  Frames/Sub Frame. 
These Frame/Word a l l o c a t i o n s  are i l l u s t r a t e d  on F i g u r e  10 f o r  
t h e  High B i t  Rate Mode. 

K .  E s t i m a t e  o f  T i m e  Delay From Data E n t r y  t o  E x i t  (CSM) 

It  i s  o f  i n t e r e s t  t o  examine j u s t  how l o n g  i t  
takes  t h e  CSM t o  p r o c e s s  a g i v e n  message .  That  i s ,  t h e  
o v e r a l l  t i m e  d e l a y  f rom message e n t r y  t o  a s t a t u s  i n d i c a t i o n  
on t h e  down t e l eme t ry  l i n k .  RF p r o p a g a t i o n  d e l a y  from t h e  MSFN 
t o  t h e  s p a c e  v e h i c l e  and  b a c k  w i l l  of  c o u r s e  b e  an a d d i t i v e  con- 
s t a n t  depend ing  on t h e  s p a c e  v e h i c l e ' s  p o s i t i o n  ( e . g . ,  E a r t h  o r b i t  
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o r  lunar d i s t a n c e ) .  The VCO ( F i g u r e  6 )  i s  a l s o  assumed 
i n  a " locked"  c o n d i t i o n .  

Take,  f o r  example ,  7. Rea l -T ime  Command ( R T C )  word: 

S i n c e  t h e  word l e n g t h  i s  6 0  m s ,  i t  t a k e s  60 m s  
t o  p l a c e  t h e  message i n  t h e  d e c o d e r .  

The d e c o d e r  h o l d s  t h i s  i n f o r m a t i o n  f o r  a n  
a d d i t i o n a l  30 m s  t o  i n s u r e  r e l a y  c l o s u r e .  

A Message Acceptance P u l s e  i s  s e n t  t o  t e l e m e t r y  
on t h e  n i n e t y - f i r s t  m i l l i s e c o n d .  

I f  t h e  t e l e m e t r y  equipment  i s  o p e r a t i n g  i n  t h e  
h i g h  b i t  r a t e  mode, i t  w i l l  see the  MAP w i t h i n  
20 m s .  (Sample r a t e  - 50 samples  p e r  s e c o n d ) .  

Thus ,  w i t h i n  110 m s  t he  t e l e m e t r y  equipment  w i l l  
h a v e  a n  i n d i c a t i o n  o f  t h e  message a c c e p t a n c e .  

An a d d i t i o n a l  80 m s  must be  added t o  t h i s  t i m e  
d e l a y  i f  t e l eme t ry  happens  t o  be  o p e r a t i n g  i n  
t h e  low b i t  r a te  mode (Sample ra te  - 1 0  samples  
p e r  s e c o n d ) .  

F o r  t h e  c a s e  of  Computer w o r d s ,  t he  d e c o d e r  r e q u i r e s  
110 m s  t o  r e c e i v e  t he  word ( 2 2  b i t s )  and  an a d d i t i o n a l  1 6  m s  
t o  s h i f t  t h e  16 b i t s  o f  data t o  t h e  computer .  Thus ,  t h e  MAP 
i s  i s s u e d  a f t e r  126  m s .  

F i g u r e  11 l i s t s  t h e  c o r r e s p o n d i n g  t i m e  d e l a y s  a s s o c i a t e d  
wi'-, a l l  f o u r  t y p e s  of up d a t a  messages  t o  t h e  Command 
S e r v i c e  Module. The d e l a y  i n d i c a t e d  f o r  a computer  t y p e  
message  i s  n o t  v e r y  m e a n i n g f u l  s i n c e  i t  i s  u n d e r s t o o d  t h a t  
the  MSFN does  n o t  r e l y  on t h e  p r e s e n c e  o f  a MAP f o r  v e r i f i c a t i o n ,  
b u t  i n s t e a d  m o n i t o r s  t h e  t e l e m e t r y  b i t  stream f o r  t h e  p r e s e n c e  
of t h e  a c t u a l  computer  word t r a n s m i t t e d  t o  t h e  s p a c e  v e h i c l e .  
The t e l e m e t r y  o f  computer  words ( B u f f e r  S t o r a g e )  was i n d i c a t e d  
p r e v i o u s l y  i n  S e c t i o n  V-G. These words are sampled  once e v e r y  
s e c o n d  i n  t h e  h i g h  b i t  r a t e  t e l e m e t r y  mode and  once  e v e r y  10 
s e c o n d s  i n  t h e  low b i t  r a t e  mode. F u r t h e r m o r e ,  t h e  computer  
i t s e l f  can  c a u s e  a n  a d d i t i o n a l  d e l a y  d e p e n d i n g  upon t h e  
r o u t i n e  b e i n g  c a r r i e d  out  a t  t h e  t i m e  t h e  d e c o d e r  p r e s e n t s  
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i t s  d:lta. 'This i s  t o  s a y  t l i a t  t h e  computer  can b e  p e r f o r m i n g  
r o u t i i i e s  x l i ich  i t  must f i n i s h  b e f o r e  r e c o g n i z i n g  t h e  up d a t a  
i n  t e r r u p  t . 

Assuming t h a t  t h e  computer h a s  been  s u c c e s s f u l l y  
in t e r ruk7 ted  by a "VERB XX" t r a n s m i s s i o n  from t h e  P I ~ ; ~ l l ,  i t  is o f  
i n t e x s t  t o  c o n s i d e r  t h e  t i x c  r e q u i r e d  t o  up d a t e  one computer  
word i n  S u f f e r  s t o r a g e .  F i v e  K~\-A r,iessa,;er, p l u s  an d J T Z - <  
must b e  r e c e i v e d .  I t  i s  est imated t h a t  t h e  computer  r e q u i r e s  
20 rns t o  p e r f o r m  t h e  KKK checks  ( F i g u r e  9 )  and p l a c e  t h e  
c o r r e s p o n d i n g  t h r e e  b i t s  i n  t h e  a c c u m u l a t o r  and t h a t  a f t e r  
f i l l i n g  t h e  a c c u m u l a t o r  an 7 d d i t i o n a l  50 m s  i s  r e q u i r e d  to 
a s s i g n  t h e  p a r i t y  b i t  and f i l l  a b u f f e r  s t o r a g e  l o c a t i o n .  
?,'Pi t e l e m e t r y  w i l l  s ee  t h i s  b u f f e r  s t o r a g e  word w i t h i n  
1 s e c o n d  i n  t h e  h i g h  b i t  r a t e  moue. F i g u r e  1 2  combines 
t h e  above men t ioned  t i m e  d e l a y s  t o  a r r i v e  a t  an  e s t i n a t e  o f  
t h e  t o t a l  t i m e  d e l a y  f o r  up d a t i n g  a b u f f e r  s t o r a g e  word. 
I r e s e n t l y ,  t h e  FISFN a l l o w s  160 ms f o r  e a c h  KFL t r a n s p i s s i o n .  
I t  must be k e p t  i n  mind,  ho;lrever, t h a t  t h i s  memorandum i s  
a i zed  a t  s p a c e  v e h i c l e  delays d i v o r c e d  from '3SFN p r o c e d u r e s  
as much as p o s s i b l e  ( S e e  S e c t i o n  I - d ) .  

Note t h a t  i t  h a s  been assumed,  i n  t h e  above ti:ne 
e s t ima te ,  t h a t  t h e  20 m s  for da ta  v e r i f i c a t i o n  b y  t h e  compute r ,  
f a l l s  i n  t h e  t i m e  p e r i o d  b e i n g  u s e d  by t h e  d e c o d e r  d u r i n g  
t h e  s u b s e q u e n t  KKK d e c o d i n g  o p e r a t i o n  w i t h  t h e  e x c e p t i o n  of 
t h e  l a s t  niessage -- t h e  "ENTER". 

V I .  UP DATA TO THE Lrq 

S i n c e  t h e  up l i n k i n g  c a p a b i l i t i e s  o f  t h e  Lunar Yodule 
are  s imi l a r  t o  t h e  Command Module, t h e  p r e v i o u s  d i s c u s s i o n  p e r -  
t a i n i n g  t o  t h e  CSP4 i s  u s e d  as a b a s e l i n e  i n  d i s c u s s i n :  up d a t a  
t o  t h e  LM. Only t h o s e  areas where i t  i s  f e l t  t h a t  s i g n i f i c a n t  
d i f f e r e n c e s  e x i s t  are d i s c u z s e d  i n  any d e t a i l .  

Three  b a s i c  t y p e s  o f  up da ta  messages  a r e  t r a n s v i t t e d  
to t h e  Lunar  Module (LW) f r o m  t h e  f ino110 YSFN. These  a r e  a s  
f o l l o w s  : 

1. Peal-Time Commands ( R T C )  tor t u r n i n ?  L,V equi-ment 
on and o f f .  The r e l a y  c a p a b i l i t y  i s  not p lanned  for 
LM 4 and s u b s e q u e n t ,  a l t h o u g h  t h e  d e c o d e r  l o g i c  
r e m a i n s  and p robab ly  w i l l  b e  u s e d .  
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2. Up d a t i n g  i n f o r m a t i o n  f o r  t h e  LM Guidance 
Computer ( L G C )  . 

3. Test  Flessage (T/M) f o r  a s e l f - c h e c k  o f  t h e  
d i g i t a l  d e c o d e r .  Tt can  a l s o  b e  used  t o  i n h i b i t  8 mal- 
f u n c t i  on'Rp d e c c d e r  ( r e d m d a n t  6 c c ~ d e r . s )  

_. 4 3 .  . ,ess'i[;e Format  

The message f o r m a t  u s e d  f o r  t h e  LM i s  i d e n t i c 2 1  to 
t h a t  u s e d  f o r  t h e  CSM ( see  F i g u r e  4) w i t h  one  e x c e p t i o n  -- 
t h e  Tes t  Nessage l e n g t h  i s  22 b i t s  i n s t e a d  o f  t h e  3 0 .  Obvious- 
l y ,  t h e  i n f o r m a t i o n  b i t  encod ing  f o r  t h e  v e h i c l e  address i s  
d i f f e r e n t  f rom t h e  CSM. 

3. Deixodulat ion 

F o r  LM 3 a n  UHF ( 4 5 0  MHz) r e c e i v e r  i s  used  for 
r e c e i v i n g  up d a t i n g  i n f o r m a t i o n .  The r e c e i v e r  i s  c o n t a i n e d  
i n  t h e  D i g i t a l  Command Assembly ( D C A ) .  A f t e r  LM 3 ( s e e  FiqUre 
13) a l l  up d a t i n g  i n f o r m a t i o n  w i l l  b e  s u p p l i e d  v i a  t h e  S-Band 
t r a n s c e i v e r .  T o  a l l o w  f o r  t h i s ,  t h e  U C A  h a s  b e e n  m o d i f i e 5  t o  
a c c e p t  a 70 KHz s u b c a r r i e r  modula ted  w i t h  up d a t a  a n d ,  of c o u r s e ,  
t h e  UHF r e c e i v e r  h a s  been  removed. I n  i t s  m o d i f i e d  fo rm,  t h e  
D C A  i s  d e s i g n a t e d  t h e  D i g i t a l  Up-Link Assembly  ( D U A ) .  The i)UA 
c o n t a i n s  t h e  n e c e s s a r y  c i r c u i t r y  f o r  r e c e i v i n g  6 4  2 T C  R e - "  a 13 ages  
a l t h o u g h  p r e s e n t  p l a n s  c a l l  f o r  no RTC t r a n s m i s s i o n s  t o  t h e  DUA. 

C .  PSK Demodula t ion  8 

F i g u r e  14 i l l u s t r a t e s  t h e  t e c h n i q u e  u s e d  b y  t h e  LM 
t o  demodu la t e  t h e  compos i t e  PSK a u d i o  s i g n a l  t o  t h e  o r i g i n a l  
s u b - b i t  "ones"  and  " z e r o s "  i n s t i t u t e d  a t  t h e  MSFN. The "no tch"  
f i l t e r  s i m p l y  s e p a r a t e s  t h e  1 and 2 KHz s i g n a l s .  The 1 X H z  
f i l t e r  o u t p u t  i s  u s e d  t o  p r o v i d e  c l o c k  t i m i n g  t h r o u g h o u t  t h e  
d e c o d e r  s y s t e m .  Once t h e  1 EWz t i m i n g  s i g n a l  i s  d o u b l e d  i t  i s  
u s e d  t o  m u l t i p l y  t h e  2 KHz da ta  s i g n a l  coming f rom the  second  
f i l t e r  o u t p u t .  The m u l t i p l i e r  o u t p u t  i s  i n t e g r a t e d  o v e r  4 
h a l f  c y c l e s  o f  t h e  2 KHz d a t a .  A t  t h e  e n d  o f  t h e s e  c y c l e s ,  
t h e  o u t p u t  i s  sampled  t o  s e e  if i t  i s  p o s i t i v e  or n e g a t i v - ? .  I f  
p o s i t i v e ,  t h e  d e m o d u l a t o r  d e c i d e s  a s u b - b i t  "one" was s e n t  and 
i f  n e g a t i v e  a s u b - b i t  " z e r o "  was s e n t .  The e s s e n t i a l  d i f f e r -  
e n c e  be tween t h i s  t e c h n i q u e  and t h a t  u s e d  b y  t h e  CSM i s  that no 
p h a s e - l o c k  l o o p  i s  u s e d  for t i m i n g .  
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n. 8 Decoder  Ope r a t i o n  

F o l l o w i n g  t h e  PSK d e m o d u l a t o r ' s  d e c i s i o n  on w h e t h e r  
a s u b - b i t  ''1'' or "0" i s  p r e s e n t ,  t h e  s u b - b i t s  a r e  s h i f t e d  
i n t o  a 5 b i t  s h i f t  r e g i s t e r  ( s ee  F i g u r e  15) where t h e  codin:,: 
i s  checked  to see i f  i t  i s  a v a l i d  r e p r e s e n t a t i o n  o f  3n i n f o r -  
iricltioii r'l" or r f O "  . The i n f o r m a t i o n  b i t s  are t h e n  s h i f t e d  i n t o  
a 3 b i t  v e h i c l e  address r e g i s t e r  ;vliere f i r s t  t h e  v e h i c l e  address 
i s  v e r i f i e d .  Upon v e r i f i c a t i o n ,  t h e  f o l l o w i n g  3 b i t s  are s h i f t -  
e d  i n t o  t h i s  address r e g i s t e r  as t h e  v e h i c l e  address b i t s  a re  
s h i f t e d  out. These 3 b i t s  a r e  t h e n  checked  to see IJihat sys tem 
i s  to b e  commanded ( R T C ,  L G C ,  or TM) .  From t h i s  p o i n t  i n  t i m e ,  
&11 s u c c e e d i n g  i n f o r m a t i o n  b i t s  are s h i f t e d  i n t o  t h e  main d a t a  
s h i f t  r e g i s t e r .  The number o f  b i t s  c o r r e s p o n d i n g  e a c h  t y p e  o f  
message ( R T C ,  L G C ,  or TM) are m o n i t o r e d  i n  a d d i t i o n  t o  t h e  
checks  p r e v i o u s l y  men t ioned  and  t h e  s y s t e m  r e s e t  i f  any o f  
t h e s e  t e s t s  f a i l .  

The d e c o d i n g  s y s t e m  i s  e s s e n t i a l l y  t h e  same as t h a t  
p r e v i o u s l y  d i s c u s s e d  for t h e  CSN. However, i t  s h o u l d  b e  n o t e d  
t h a t  i n  t h e  p r o c e s s i n g  o f  an RTC or a TM, t h e  d e c o d e r  must b e  
g i v e n  250 m i l l i s e c o n d s  t o  do s o .  I t  w i l l  n o t  r e s p o n d  to R T C ' s  
o r  T e s t  Messages any f a s t e r  t h a n  once e v e r y  250 m i l l i s e c o n d s .  
For t h e  c a s e  o f  LGC messages, s e p a r a t e  t i m i n g  f e a t u r e s  a r e  
i n c o r p o r a t e d  to a c c e p t  d a t a  at a f a s t e r  r a t e .  

An a d d i t i o n a l  f e a t u r e  i n c o r p o r a t e d  i n  t h e  LM a n d  n o t  
i n  t h e  CSN i s  t h a t  o f  r edundan t  d e c o d e r s .  Both d e c o d e r s  oper -  
a te  s i m u l t a n e o u s l y  on t h e  i n p u t  d a t a  and. d . r ive  a c o m o n  
ou.tuGt, Wher,ever a d e c o d e r  i s  s u s p e c t e d  o f  o p e r a t i n g  i m -  
P r o p e r l y ,  i t  can b e  t u r n e d  o f f  b y  t r a n s m i t t i n g  a u n i q u e  Tes t  
A A e s s a g e  ( f o r  d e t a i l s  s e e  S e c t i o n  VI-€1) . -. 

T= PIessage V e r i f i c a t i o n  (MAP) 

The LM d e c o d e r  g e n e r a t e s  a 55 m i l l i s e c o n d  Nessage  
Accep tance  P u l s e  ( M A P ) a f t e r  v e r i f y i n g  t h e  c o r r e c t  c o d i n g  o f  
an  up data  message. T h i s  p u l s e  i s  encoded  i n t o  an 8 b i t  
word and s e n t  t o  PCM t e l e m e t r y .  The t e l e m e t r y  equipment  sam- 
p l e s  i t  once  e v e r y  t w e n t y  m i l l i s e c o n d s .  The 2 0  m i l l i s e c o n d  
sample  t i m e  i s  r e p r e s e n t a t i v e  o f  t h e  High Bit Rate T e l e m e t r y  
mode ( 5 1 . 2  Kbps) and  i t  i s  t h e  o n l y  mode b y  which t h e  d e c o d e r  
i s s u e s  a YAP. R e c a l l  t h a t  t h e  C Z M  d e c o d e r  can  g e n e r a t e  a 
250 m i l l i s e c o n d  p u l s e  which can  b e  sampled  once e v e r y  100 
m i l l i s e c o n d s  i n  t h e  Low B i t  Rate Te leme t ry  Mode. T h i s  i s  n o t  
t h e  c a s e  f o r  t h e  LM. 
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I n  t h e  absence  o f  t h e  NAP, t h e  d e c o d e r  send:; an 
? b i t  s tand-by  code t o  t e l e m e t r y .  When t h e  MAP o c c u r s  t h i s  
code i s  changed i n  acco rdance  w i t h  what t y p e  message h a s  
been  a c c e p t e d .  Note t h a t  LM sends an 8 b i t  code i n s t e a d  of  
t h e  4 b i t  code s e n t  b y  t h e  CSM ( S e c t i o n  V - E ) .  

I!. RecL1-Time Command Word P r o c e s s  

A s  previous1.y ment ioned ,  t h i s  c a p a b i l i t y  w i l l  e x i s t  
for LFI 3 and may n o t  e x i s t  f o v  subsequent LM's. Oripirally 
on LD? 1, f o r  example ,  t h e r e  e x i s t e d  t h e  c a p a b i l i t y  of' command- 
i n g  6 2  l a t c h i n g  r e l a y s .  The 6 2  l a t c h i n g  r e l a y s  were d i v i d e d  
i n  g r o u p s  A and B ;  r e p r e s e n t i n g  r e l a y  banks  A and  B r e s p e c t i v e l y .  
The s y s t e m  a d d r e s s  p o r t i o n  s e l e c t e d  t h e  t y p e  re lay  bank and t h e  
r e m a i n i n g  6 b i t s  d e s i g n a t e d  t h e  p a r t i c u l a r  r e l a y  and  w h e t h e r  
i t  was t o  b e  "se t"  or " r e s e t . "  Thus ,  1 2 8  p o s s i b l e  RTC messaces  
c o u l d  b e  s e n t  t o  t h e  LM. 

For LM I V  and  s u b s e q u e n t ,  t h e  D i g i t a l  Up-Link Assembly 
( D U A )  h a s  t h e  n e c e s s a r y  c i r c u i t r y  f o r  6 4  R T C  messages .  Th?at 
i s ,  t h e  o r i g i n a l  c a p a b i l i t y  of  ccmmanding r e l a y  bank 3 w i l l  
still r ema in .  However, t h e  a c t u a l  re lay  bank w i l l  not be  on 
b o a r d .  T h i s  c a p a b i l i t y  remains i n  t h e  DUA i n  c a s e  i t  i s  d e c i d e d  
to i n c o r p o r a t e  R T C ' s  i n  t h e  LM. 

G. Lunar  Module Computer Word P r o c e s s  9 

The p r o c e s s  o f  an up  d a t i n g  message f o r  t h e  LM 
S u i d a n c e  Computer (LGC) i s  e s s e n t i a l l y  t h e  same as t h a t  g i v e n  
f o r  t h e  CPIC i n  S e c t i o n  V-G. 

T e s t  I4essage Word P rocess  (LM) 

The t e s t  message p r o c e s s  i s  e s s e n t i a l l y  t h e  same as 
t h a t  men t ioned  f o r  t h e  CSM; its p u r p o s e  b e i n g  t h a t  o f  e x e r -  
c i s i n g  t h e  d e c o d e r  t o  check its per fo rmance .  The te lemet ry  
o f  an 8 b i t  code (slot normal ly  f i l l e d  w i t h  t h e  MAP) i n d i c a t e s  
i t s  o p e r a t i o n .  One s i g n i f i c a n t  d i f f e r e n c e ,  however ,  i s  t h a t  
t h e  D U A  c o n t a i n s  two decoders  v e r s u s  one f o r  t h e  CSPI. Nor- 
s a l l y ,  b o t h  d e c o d e r s  are  o p e r a t i n g  s i m u l t a n e o u s l y .  The o u t p u t  
o f  t h e  d e c o d e r  which i s  f i r s t  t o  comple t e  p r o c e s s i n g  a message 
i s  t h e  one u t i l i z e d  f o r  t h e  command or up d a t i n g  o f  a g i v e n  
p a r a m e t e r .  The p a r a l l e l  o p e r a t i c n  o f  t h e s e  d e c o d e r s  a l l o w s  
for t h e  t r a n s m i s s i o n  of unique T e s t  Pdessages t o  t u r n  a s u s p e c t e d  
m a l f u n c t i o n i n g  d e c o d e r  o f f .  That  i s ,  g i v e n  t h a t  Decoder  A i s  
m a l f u n c t i o n i n g ,  a u n i q u e  T e s t  Message can  b e  s e n t  t o  Decoder  
B which w i l l  t u r n  o f f  Decoder A and  v i s a  v e r s a .  
T e s t  Message can a l s o  b e  t r a n s m i t t e d  to t u r n  on an a l ready  o f f  
Decoder .  

Another  un ique  
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I .  P‘CN Te leme t ry  

The te lemet ry  b i t  s t r ean i  a s s o c i a t e d  w i t h  t h e  Lunar  
Islodule i s  e s s e n t i a l l y  t h e  same as t h a t  ment ioned  i n  S e c t i o n  
V - J .  Note ,  however ,  t h e  MAP code does  n o t  o c c u r  i n  t h e  low 
b i t  r a t e  t e l e m e t r y  mode as mentioned i n  S e c t i o n  VI-E. 

J. Z s t i x a t e  of T i m e  From Data E n t r y  to E x i t  

For RTC and  TM t y p e  messages ,  t h e  d e c o d e r  will n o t  
r e s p o n d  m y  f a s t e r  t h a n  f o u r  t i m e s  p e r  s e c o n d .  The d e c o d e r  
i s  l o c k e d  o u t  from incoming  messages b y  a 250 m i l l i s e c o n d  
m u l t i v i b r a t o r .  Dur ing  t h i s  t ime p e r i o d ,  t h e  Y4AP code w i l l  
a p p e a r  on t h e  down t e l e m e t r y  l i n k  (when i t  i s  o p e r a t i n g  i n  t h e  
High S i t  Bate mode -- s e e  S e c t i o n  V I - E ) .  F o r  L G C  messages ,  
a d e s i g n  m o d i f i c a t i o n  has been i n c o r p o r a t e d  ( D C A  and  D U A )  t o  
overcome t h i s  250 m i l l i s e c o n d  d e l a y .  It i s  es t imated t h a t  i t  
i s  p o s s i b l e  to p r o c e s s  LGC messages once e v e r y  136 m i l l i s e c o n d s .  
T h i s  i n c l u d e s  5 m s  f o r  s u b - b i t  ones  p r e c e d i n g  t h e  message ,  30 
ms f o r  t h e  v e h i c l e  and  sys t em address b i t s ,  80 m s  f o r  tkie da t a  
word ( 1 6  b i t s ) ,  5 m s  f o r  d a t a  c h e c k i n g  and  1 6  m s  t o  s h i f t  t h e  
LGC word i n t o  t h e  compute r .  

Excep t  f o r  t h e  a d d i t i o n a l  10  ins f o r  decoded o p e r a t i o n ,  
t h e  e s t i m a t e  o f  t i m e  d e l a y  for computer  words i s  t h e  same as 
t h a t  g i v e n  i n  S e c t i o n  V-K f o r  t h e  CSM. F i g u r e  1 6  i l l u s t r a t e s  
t h e  t i x e  es t imates  f o r  MAP i s s u a n c e  and F i g u r e  17 shows an  
e s t i m a t e  f o r  a s i n g l e  computer word ( B u f f e r  S tGrape  k:orc‘). 

V I I .  UP D A T A  TO THE I U  

For t h e  S I V B  I n s t r u m e n t  U n i t  ( I U )  Command Communica- 
t i o n  System (CCS) t h e r e  a r e  two f u n d a m e n t a l  Up Data messages .  
These  a r e :  

1. Yode Command 

2 .  Data Command 

The Mode Command ( M C )  a c t s  as an i n d i c a t o r  t o  d e t e r m i n e  what 
t y p e  f u n c t i o n  i s  t o  b e  c a r r i e d  out and i t  a l w a y s  p r e c e d e s  
Data Commands. The d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  be tween 
Mode Command Words and  Data Command Words are e v i d e n t  i n  t h e  
f o r m a t  or i n f o r m a t i o n  b i t  a r r angemen t .  

4 A .  Message Format  

The SIVB/IU Up Data  message f o r m a t  i s  c o n s i d e r a b l y  
d i f f e r e n t  t h a n  t h e  LM or CSM. F i r s t  o f  a l l ,  t h e  fundamen ta l  
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word l e n g t h  ( i n  i n f o r m a t i o n  b i t s )  i s  a l w a y s  35 b i t s .  Three  b i t s  
~ l i ~  u s e d  f o r  the  V e h i c l e  Address  ( V A ) ,  14 b i t s  f o r  t h e  d e c o d e r  
a d d r e s s ,  6 b i t s  f o r  c o n t r o l ,  and 12 b i t s  f o r  d a t a  t r u e  and d a t a  
compleixent.  The s u b - b i t  encod ing  f o r  t h e  VA i s  d i f f e r e n t  from 
t h e  r en ia in ing  p o r t i o n  of t he  word ( o r  m e s s a g e ) .  F i g u r e  1 8  
shows how t h e  i n f o r m a t i o n  b i t s  and d e c o d e r  address b i t s  a re  
i n t e r l a c e d .  

E. 3en iodu la t i  on 

F i g u r e  19 shows t h e  o v e r a l l  S I V B  I n s t r u m e n t a t i o n  
U n i t  (IU) Command Communication System ( C C S ) .  Up Data i s  mod- 
u l a t e d  o n t o  a 70 K H z  s u b c a r r i e r  i n  t h e  same manner  as ment ioned  
p r e v i o u s l y  for t h e  CSM and LM. The main c a r r i e r  o p e r a t i o n  a t  
2 1 0 1 . 8  :4Hz i s  t h e n  phase modula ted  b y  t h e  70 K H z  s u b c a r r i e r .  
It  f o l l o w s  t h a t  t h e  demodu la t ion  p r o c e s s  f rom S-Band t o  t h e  
c o m p o s i t e  1 KHz and  2 KHz t o n e s  i s  the  same as t h e  LM and  CSY. 

The da t a  f o r  t h e  Launch V e h i c l e  D i g i t a l  Computer 
(LTTdC) a r r i v e s  b y  means o f  t h e  Launch V e h i c l e  D i g i t a l  Ada?ter 
(LVDA). A c t u a l l y ,  t h e  LVDA s e r v e s  as an i n p u t - o u t p u t  d e v i c e  
for t h e  many s y s t e m s  w i t h i n  the  I U ;  a c c e p t i n g  d i s c r e t e  i n p u t s  
f o r  t h e  S t a g e  Swi t ch  S e l e c t o r s ,  T e l e m e t r y  Computer I n t e r f a c e  
U n i t ,  T e l e m e t r y  Data M u l t i p l e x e r ,  e t c .  

C .  PSK Demodula t ion  1 0  

F i g u r e  20 d e p i c t s  t h e  b a s i c  d e m o d u l a t i o n  scheme 
u t i l i z e 3  for s u b - b i t  d e t e c t i o n  i n  t h e  S I V B / I U .  N o t i c e  t h a t  
t h e  t e c h n q i u e  used  i s  d i f f e r e n t  f rom t h a t  p r e v i o u s l y  shown f o r  
t h e  CSl4 and f o r  t h e  LM. The nar row band  1 KHz f i l t e r  separa tes  
t h e  1 ICIz s y n c  t o n e  f rom t h e  compos i t e  i n p u t  waveform, and  
a f t e r  b e i n g  i n v e r t e d  and  r e s h a p e d ,  t r i g g e r s  a m u l t i v i b r a t o r .  
The m u l t i v i b r a t o r  o u t p u t  i s  d i f f e r e n t i a t e d  t o  p r o v i d e  a nar row 
s a m p l i n g  p u l s e  a t  t h e  two A N D  gates  shown. N o t i c e  t h a t  t h e  i n -  
v e r t e d  1 KHz s i g n a l  i s  summed w i t h  t h e  compos i t e  s i g n a l  and 
t h e  r e s u l t a n t  ( a f t e r  b e i n g  c l i p p e d )  i s  p r e s e n t e d  t o  t h e  AND 
g a t e s  a l s o .  When a "1" i s  p r e s e n t  AND-2 w i l l  t r i g g e r  t h e  "1" 
m u l t i v i b r a t o r .  I n  t h e  same manner,  A N D - 1  w i l l  t r i g g e r  t h e  "0" 
m u l t i v i b r a t o r .  The s u b - b i t s  are  t h e n  p a s s e d  i n t o  a s h i f t  
r e g i s t e r  where e a c h  s e q u e n t i a l  f i v e  s u b - b i t s  r e p r e s e n t s  an 
i n f o r m a t i o n  b i n a r y  one or zero i n  a c c o r d a n c e  w i t h  a p r e d e t e r -  
mined p a t t e r n .  T h i s  p a t t e r n  i s  F r e w i r e d  i n t o  a d e c o d e r  p l u g  
which w i l l  r e s p o n d  t o  t h e  s u b - b i t  p a t t e r n s  for t h e  VA or t o  t h e  
p a t t e r n  u t i l i z e d  f o r  t h e  r e m a i n i n g  p o r t i o n  o f  t h e  message .  

D .  Decoder  O p e r a t i o n  

F i g u r e  2 1  i l l u s t r a t e s  how t h e  incoming  d.ata i s  
decoded.  The f i v e  b i t  s h i f t  r e g i s t e r  and compare c i r c u i t r y  
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checks  t h e  p r o p e r  s u b - b i t  cod ing  f o r  an i n f o r m a t i o n  "one" 
O r  " z e r o . "  The 3 b i t  v e h i c l e  address i s  t h e n  v e r i f i e d .  I f  
t h e  VA i s  v a l i d ,  t h e  d e c o d e r  knows t h a t  t h e  incoming  message 
i s  f o r  t he  SIVB/IU. The r e m a i n i n g  32 b i t s  are  decoded  as 
r e q u i r e d  ( s u b - b i t  p a t t e r n  b e i n g  d i f f e r e n t )  and s h i f t e d  i n t o  
t h e  32 b i t  s h i f t  r e g i s t e r  shown on F i g u r e  2 1 .  Here t h e  
1 4  b i t  a d d r e s s  p o r t i o n  o f  t h e  message i s  v e r i f ' i e d  and a 60  
m i l l i s e c o n d  p u l s e  s e n t  t o  t h e  PCM t e l e m e t r y  equ ipmen t .  An 
e n a b l e  s i g n a l  t h e n  a l l o w s  t h e  r e m a i n i n g  18  da ta  b i t s  t o  b e  
s e n t  t o  t he  Launch V e h i c l e  D i g i t a l  Computer ( L V D C )  i n  
p a r a l l e l  form.  When t h e  LVDC a c c e p t s  these da ta ,  i t  s e n d s  a 
Computer Xese t  P u l s e  ( C R P )  t o  t h e  d e c o d e r .  T h i s  p u l s e  
c l e a r s  t h e  3 2  b i t  r e g i s t e r  and a t  t h e  same t i m e ,  t h e  d e c o d e r  
s e n d s  a 6 0  m i l l i s e c o n d  CRP s i g n a l  t o  PCM t e l e m e t r y .  I f  t h e  
CRP s i g n a l  does  n o t  a p p e a r  b e f o r e  t h e  b e g i n n i n g  o f  t h e  n e x t  
message ,  a b i t  c o u n t e r  i n  t h e  d e c o d e r  w i l l  r ese t  t h e  32 b i t  
s h i f t  r e g i s t e r  when i t  c o u n t s  t h e  second b i t  of  t h e  V e h i c l e  
Address p o r t i o n  of t h e  n e x t  message.  

E .  Message V e r i f i c a t i o n  ( A V P  and C R P )  

m i l l i s e c o n d  Address V e r i f i c a t i o n  P u l s e  ( A V P )  t o  t e l e m e t r y  
when t h e  d e c o d e r  address b i t s  a re  c o r r e c t .  The r e m a i n i n g  
1 8  b i t s  of  i n f o r m a t i o n  are t h e n  s e n t  t o  t h e  LVDC v i a  t h e  
LVDA. The LVDC e i t h e r  a c c e p t s  or r e j e c t s  t h e s e  da t a .  I f  
a c c e p t e d ,  a Computer R e s e t  P u l s e  ( C R P )  i s  s e n t  t o  t h e  d e c o d e r  
t o  c l e a r  (or r e s e t ) i t .  The d e c o d e r ,  upon r e c e i v i n g  t h e  C R P  
a l s o  s e n d s  a 6 0  m s  p u l s e  t o  t e l e m e t r y .  The absence  o f  t h i s  
CRP i n  t h e  PCM down te lemet ry  t e l l s  t h e  NSFN t h a t  t h e  com- 
p u t e r  has r e j e c t e d  the  message.  A 1 0  b i t  word i n  t h e  down 
l i n k  t e l e m e t r y ,  which i s  sampled  1 2 0  t i m e s / s e c o n d ,  i s  changed  
i n  b i t  p o s i t i o n s  1 and 2 t o  i n d i c a t e  AVP.  The C R P  changes  
b i t s  3 and 4 of t h i s  same 1 0  b i t  word. It  f o l l o w s  t h a t  a t  l ea s t  
6 A V P f s  and 6 C R P f s  o c c u r  d u r i n g  t h e i r  r e s p e c t i v e  60  m s  t i m e  
p e r i o d s .  TJISFC had i n t e n d e d  t h a t  b o t h  t h e  CRP and AVP b e  com- 
b i n e d  i n  t h e  ground p r o c e s s i n g  f o r  v e r i f i c a t i o n .  It i s  under -  
s t o o d ,  however ,  t h a t  t h e  MSFN u s e s  o n l y  t h e  p r e s e n c e  o f  t h e  
CRP f o r  v e r i f i c a t i o n .  The  s t a n d a r d  up d a t i n g  p r o c e d u r e  i s  
t o  s e n d  one message a t  a time and wai t  f o r  v e r i f i c a t i o n  ( C R P ' s )  
b e f o r e  s e n d i n g  t h e  n e x t .  Re fe rence  11, however ,  i n d i c a t e s  t h a t  
u n d e r  c r i t i c a l  l o a d  c o n d i t i o n s  t h e  o p t i o n  e x i s t s  for t r a n s m i t t i n g  
one message r i g h t  a f t e r  t h e  o t h e r  n e g l e c t i n g  t h e  no rma l  v e r i -  
f i c a t i o n  r o u t i n e .  

F .  Launch V e h i c l e  Computer Word P r o c e s s  

4, 10, 11 

A s  ment ioned  p r e v i o u s l y  t h e  d e c o d e r  s e n d s  a 6 0  

12 

I n  S e c t i o n  V I I - D  it was p o i n t e d  o u t  t h a t  t h e  d e c o d e r  
s u p p l i e s  1 8  b i t s  o f  i n f o r m a t i o n  f o r  t h e  LVDC. Two of  t hese  b i t s  
are i n t e r r u p t  b i t s  and two a r e  s y n c  b i t s  or O r b i t a l  Mode/Data 
b i t s .  The two i n t e r r u p t b i t s  a re  A N D e d  t o g e t h e r  by t h e  LVPA and 
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t h e  r e s u l t  p r e s e n t e d  t o  t h e  LVDC as a d e c o d e r  i n t e r r u p t  b i t .  
The two sync  b i t s  a r e  h a n d l e d  i n  a s imi la r  manner and p r e -  
s e n t e d  t o  t h e  LVDC as t h e  OM/D b i t .  I f  t h e  d e c o d e r  messa,ge i s  
a biode Command, t h e  OM/D b i t  w i l l  be  a l o g i c a l  "1"; if a Data 
Command a l o g i c a l  "0". 

The r e m a i n i n g  1 4  d a t a  S i t s  of  t h e  Command k!ord r e p r e -  
s e n t  i n f o r m a t i o n  i n  a t rue-complement  form ( s e e  F i g u r e s  1 8  and 
2 3 ) .  The LVDC p e r f o r n s  a true-comDlement t e s t  f o r  each  word as 
shown on F i g u r e  2 2 .  It a l s o  p e r f o r m s  o t h e r  t e s t s  depend ing  on 
t h e  r o u t i n e  b e i n g  e x e c u t e d .  I f  any t e s t s  f a i l ,  t h e  LVDC w i l l  
i g n o r e  t h e  i n f o r m a t i o n ,  s end  a n  e r r o r  message t o  t e l e m e t r y ,  n o t  
s e n d  a CRP t o  t h e  d e c o d e r ,  and i n c r e m e n t  an e r r o r  c o u n t e r .  F ig -  
u r e  23A i l l u s t r a t e s  t h e  e r r o r  message  f o r m a t  u t i l i z e d  b y  t h e  
LVDC. Note t h a t  t h e  LVDC a l s o  s e n d s  a s t a t u s  word t o  t e l e m e t r y  
c o n t a i n i n g  t h e  t r u e  form of t h e  Mode or Pata Word. F i g u r e  2 3 B  
i l l u s t r a t e s  t h e  make-up o f  t h i s  s t a t u s  word. 

I f  t h e  commanded r o u t i n e  r e q u i r e s  da ta ,  t h e  LVDC w i l l  
i s s u e  a CRP once  t h e  program has been  i n i t i a l i z e d  t o  a c c e p t  t h e  
p r o p e r  number of data  words .  When a d a t a  word i s  r e c e i v e d ,  t h e  
OM/D, t rue-complement ,  and sequence  b i t s  a r e  v e r i f i e d  and  t h e  
da t a  s t o r e d  i n  a t empora ry  l o c a t i o n .  The LVDC t h e n  d e t e r m i n e s  
if more data  words are r e q u i r e d .  I f  s o ,  and t h e  above t e s t s  
are  p a s s e d ,  a CRP i s  i s s u e d  t o  t h e  d e c o d e r  and  t h e  LVDC r e t u r n s  
t o  i t s  main o r b i t a l  program p r e p a r e d  t o  r e c e i v e  t h e  n e x t  d a t a  
word. I f  no more data  words a r e  r e q u i r e d ,  a CFP w i l l  b e  i s s u e d  
a f t e r  a l l  program t e s t s  a re  pe r fo rmed  s u c c e s s f u l l y .  O f  c o u r s e ,  
t h e  number o f  data  words depends on t h e  r o u t i n e  b e i n g  commanded. 
For example ,  c o n s i d e r  t h e  c a s e  when t h e  MSFN i s  p r o v i d i n g  a Navi- 
g a t i o n  u p d a t e .  S i x  n a v i g a t i o n  p a r a m e t e r s  and one e x e c u t i o n  t i m e  
a r e  s e n t  t o  t h e  LVDC. F i g u r e  23C shows t h a t  o n l y  s i x  i n f o r m a t i o n  
b i t s  a re  t r a n s m i t t e d  p e r  data word. Thus,  t o  p r o v i d e  a s i n g l e  
LVDC word ( 2 6  b i t s )  f i v e  d a t a  word t r a n s m i s s i o n s  a r e  r e q u i r e d .  
It  f o l l o w s ,  t h a t  t h e  s i x  p a r a m e t e r s  p l u s  e x e c u t i o n  t i m e  r e q u i r e  
t h e  t r a n s m i s s i o n  o f  35 data  w0rd.s .  

Another  example i s  t h e  da ta  words s e n t  t o  t h e  LVDC from 
t h e  MSFN f o r  S w i t c h  S e l e c t o r  ( S S )  commands a s  shown on F i g u r e  23D. 
S w i t c h  S e l e c t o r  Commands r e s e m b l e  t he  Real-Time Commands men t ioned  
p r e v i o u s l y  f o r  t h e  CSM and LM i n  t h a t  r e l a y s  a r e  commancled i n t o  
o p e r a t i o n .  I n  c o n s t r a s t  t o  t h e  CSM and LM, however ,  t h e y  a r e  
n o t  i s s u e d  by t h e  up data d e c o d e r ,  b u t  i n s t e a d  a r e  i s s u e d  b y  t h e  
LVDC/LVDA. Each s t a g e  and t h e  I U  c o n t a i n s  a SS which decodes  
d i g i t a l  f l i g h t  s e q u e n c e  commands from t h e  LVDC/LVDA and o p e r a t e s  
p r o p e r  s t a g e  c i r c u i t s .  
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Upon e n t e r i n g  t h e  SS r o u t i n e  ( r e c e i p t  o f  a /iode 
?Jix:iand) the LVDC s e n d s  a ZS s t a t u s  word t o  t e l e n e t q  and 
p ~ ~ e p a r e s  t o  a c c e p t  t h e  two d a t a  Nard sho.m on F i z u r e  2 3 .  
dlieri the LVDC v e r i f i e s  t h e  second  d a t a  v io rd ,  i t  c h e c k s  t o  
see i f  t he  main program is p r e s e n t l y  s e r v i c i n g  a SS f u n c t i o n .  
If t h e  :;lain p rogram i s  p r e s e n t l y  s e r v i c i n g  an ZS f u n c t i o n ,  
t h e  LVDC w i l l  wait u n t i l  it io f i n i s h e d  b e f o r e  e x e c u t i n d  t h e  
co!~u~ia~;.<ed AS f u n c t i o n .  The w a i t i n g  t i m e  i s  n o  more t h a n  250 m s  
I f  an SS f u n c t i o n  i s  w a i t i n g  t o  b e  p r o c e s s e d  and  a n o t h e r  re-  
q u e s t  i s  r e c e i v e d ,  no CiiP w i l l  b e  i s s u e d  f o r  t h e  s e c o n d  mode 
command. 

G . P C:; T e l e m e t r y  
13 
- 

F i g u r e  21: i l l u s t r a t e s  t h e  b a s i c  fo rma t  used  on t h e  
PCM t e l e m e t r y  l i n k  from t h e  SIVR/IU t o  t h e  IvrSFN. The re  a r e  1 0  
frames and  30 c h a n n e l s  p e r  frame w i t h  2 10 b i t  -dord i n  e a c h  
c h x n e l .  Two 40 b i t  words a r e  s e n t  f rom t h e  LVDC/LVDA d u r i n g  
e a c h  frame t h u s  o c c u p y i n g  8 c h a n n e l s  p e r  f rame.  The frames 
a re  sampled  1 2  t imes  p e r  s e c c n d ;  p r o d u c i n g  2 4 0  LVDC/L’JDA 
words p e r  s e c o n d  on t h e  down t e l e m e t r y  l i n k .  

H. Zstimate o f  T i m e  From Data E n t r v  t o  E x i t  

The d e c o d e r  r e q u i r e s  n o  more t h a n  177 m s  from t h e  
t i m e  o f  d a t a  e n t r y  t o  t h e  l e a d i n g  edge  o f  t h e  Address  V e r i -  
f i c a t i o n  P u l s e .  T e l e m e t r y  equipment  s amples  t h e  c o n d i t i o n  
o f  t h e  AVP 1 2 0  times p e r  s econd .  Thus ,  w i t h i n  1 8 5 . 3  rns t h e  
AVP w i l l  b e g i n  t o  a p p e a r  on t h e  down t e l e m e t r y  l i n k .  Even 
t h o u g h  d a t a  i s  p r e s e n t e d  t o  t h e  LVDC/LVDA a t  177 m s ,  t h e  Com- 
p u t e r  2eset  i’ulse ( C R P )  may n o t  b e  i s s u e d  from t h e  LVDC f o r  
a n o t h e r  1 0 0  m s .  T h i s  v a r i a b l e  d e l a y  stems f rom t h e  f a c t  t h a t  
t h e  computer  may b e  i n  a p a r t i c u l a r  l oop  a t  t h e  t i m e  o f  da ta  
p r e s e n t a t i o n  f r o T  t h e  d e c o d e r .  The computer  c h o o s e s  t o  i g -  
n o r e  i n p u t  d a t a  u n t i l  i t  h a s  f i n i s h e d  c e r t a i n  r o u t i n e s .  The 
1 0 0  ms f i g u r e  i s  an e s t i m a t e  o f  t h e  maximum t i m e  de l ay  b e f o r e  
a CRP i s  i s s u e d .  The t e l e m e t r y  equipment  w i l l  t h e n  p i c k  up 
t h e  CRP s t a t u s  w i t h i n  8 . 3  rns from t h i s  t i m e  o f  i s s u a n c e .  
For s t a t u s  word t e l e m e t r y  an  a d d i t i o n a l  1 2  m s  must. b e  a l l o w e d  
f o r  t h e  o u t p u t  r e g i s t e r s  t o  s u p p l y  t h e  s t a t u s  i n f o r m a t i o n  
from t h e  LVDC.  F i g u r e  2 5  summarizes  t h e s e  t i m e  d e l a y s .  

V I 1 1  SUMMARY 

A l l  t h r e e  v e h i c l e s  r e c e i v e  t h e  same t y p e  up d a t a  
s i g n a l  and  demodu la t e  i t  t o  a b a s e b a n d  s i g n a l  i n  t h e  same 
manner .  

The t e c h n i q u e  used  i n  e x t r a c t i n g  t h e  s u b - b i t s  i s  
d i f f e r e n t  f o r  e a c h  v e h i c l e .  
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The CSM and LM d e c o d e r s  o p e r a t e  on t h e  up d a t a  
message i n  a very  s imi la r  manner s i n c e  t h e  b i t  f o r m a t s  a r e  
e s s e n t i a l l y  t h e  same. The format  used  f o r  messages  t o  t h e  
I U  d i f f e r s  c o n s i d e r a b l y  from t h e  CSM and  LM. 

The d e c o d e r s  i n  t h e  C S i 4  and LM have t h e  c a p a b i l i t y  
of i s s u i n g  commands t o  equipment  o t h e r  t h a n  t h e  cornputer 
whereas  t h e  I U  d e c o d e r  i n t e r f a c e s  w i t h  t h e  LVDA/LVDC on ly  
and i t  i s  up to t h e  computer  t o  i s s u e  command t o  t h e  v a r i o u s  
sub-sys  texs . 

idhen t h e  d e c o d e r  i n t e r p r e t s  t h e  up d a t a  message as 
b e i n g  c o r r e c t ,  it i s s u e s  a Message Acceptance  P u l s e  t o  t e l e -  
met ry  i n  t h e  c a s e  o f  t h e  LM and CSN. Tne IU p e r f o r m s  a s i m i -  
lar f u n c t i o n  i n  t h a t  i t  i s s u e s  a n  Address V e r i f i c a t i o n  P u l s e  
t o  i t s  t e l e m e t r y  equipment  upon c o r r e c t  d e c o d i n g  o p e r a t i o n s .  

The MAP i s  i s s u e d  i n  t h e  High B i t  Hate t e l e m e t r y  
mode for b o t h  t h e  L M  and t h e  C S P I .  F o r  t h e  Low B i t  Rate 
t e l e m e t r y ,  t h e  CSPI  i s s u e s  a MAP, n o t  t h e  LM. For t h e  TU, t h e r e  
i s  on ly  one t e l e m e t r y  r a t e  for t h e  AVP ( a n d  C R P ) .  

The MAP code b i t  l e n g t h s  a re  4 b i t s  f o r  t h e  CSM, 
8 b i t s  f o r  t h e  L14, and  2 b i t s  ( A V P )  f o r  t he  I U .  

The L V D C  i s s u e s  a CRP upon d a t a  v e r i f i c a t i o n  ( 2  b i t s  
The LM and C S M  d o  n o t  i s s u e  any i n  t h e  t e l e m e t r y  b i t  s t r e a m ) .  

C R P ' s  . 
The computer  can b e  up d a t e d  b y  v o i c e  i n s t r u c t i o n  

t o  t h e  A s t r o n a u t  f o r  t h e  LM and CS14. 

For computer  messages,  t h e  d e c o d e r  s e n d s  t h e  da ta  
t o  t h e  CPIC and  L G C ,  s e r i a l l y ,  a t  1 Kbps. F o r  t h e  I U ,  however ,  
t h e  da t a  i s  s e n t  i n  p a r a l l e l  t o  t h e  LVDA/LVDC.  

A l l  t h r e e  computers check t h e  da ta  p r e s e n t e d  by t h e  
d e c o d e r  f o r  a p a r t i c u l a r  d a t a - d a t a  complement a r r a n g e m e n t .  

A l l  t h r e e  computers p r e s e n t  t h e  i n f o r m a t i o n  b e a r i n g  
c o n t e n t  o f  t h e  up da ta  message t o  t h e  t e l e m e t r y  equipment  f o r  
t r a n s m i s s i o n  to t h e  MSFN i n  40 b i t  word s l o t s .  

The b a s i c  word l e n g t h  i n  t h e  P C M  b i t  stream i s  8 
b i t s  f o r  t h e  CSM a n d  LM b i t s  and  1 0  b i t s  for t h e  I U .  

The I U  i s  normal ly  up d a t e d  one message a t  a t i n e  
and v e r i f i e d  a t  t h e  MSFN each t ime  t h r o u g h  t e l e m e t r y  of C R P ' s ,  
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and m c l u i r e s  5 d a t a  messages to make up one  c o m p u t e r  da t a  word. 
532 L .ind CSY r e q u i r e  5 d a t a  messages to make up one c o m p u t e r  
d:ita wdr'd also, b u t  t h e s e  a r e  n o r m s l l y  t r a n s m i t t e d  one  ri ; ;ht  
<>ftei7 the  o t h e r  m d  i t  i s  not  u n t i l  t h e  da t a  word i s  trans- 
i'errecl to t h e  "Up-Buff" stora:;e l o c a t i o n  t h a t  t e l e n e t r y  has 
.in i n d i c a t i o n  o f  t h e  d a t a  i t s e l f .  

F i g u r e  2 6  summarizes  t h e  t i m e  d e l a y  es t i rnates  
f o r  (1.ndating a s i n g l e  computer. word for the CS!4 and  1,M. 
S i n c e ,  n o r m a l l y ,  e a c h  message must  b e  v e r i f i e d  by t h e  IIZE'N i n  
t h e  c a s e  o f  t h e  I U  i t  i s  not m e a n i n g f u l  t o  t r y  t o  compare 
t h i s  t i n e  d e l a y  w i t h  the LM a n d  CS;II.  It i s  m e a n i n g f u l ,  h o w e v e r ,  
to comp=lre t h e  d e c o d e r  d e l a y s  b e f o r e  i s s u a n c e  of  a XAP or an  
AVF ( i n d i c a t i n g  d e c o d e r  a c c e p t a r i c e  o f  a s i n g l e  c o m p u t e r  t;7ge 
Iriessaage) . T h i s  c o m p a r i s o n  i s  sho;;in i n  F i g u r e  2 7 .  

A t  t a c hme n t s 
3'i;;ures 1-27  
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